###### Strengths and limitations of this study

-   We employed robust analytical strategies that incorporate the within-study and between-study differences.

-   The interventions use text-messaging communication in different ways (content, frequency and interactivity).

-   The studies included were conducted in sub-Saharan Africa where HIV infection is most prevalent.

Introduction {#s1}
============

Adherence to prescribed medication is a key principle of medical care.[@R1] This is especially true with HIV infection, where poor adherence to antiretroviral therapy (ART) can lead to drug resistance, AIDS and subsequent morbidity and mortality.[@R2] [@R3] Other consequences of suboptimal adherence include increased transmissibility of the virus and greater health system costs associated with more frequent and longer hospital stays.[@R3] [@R4] With more that 30 million people living with HIV worldwide, of which close to half are already on ART,[@R5] there is a need to ensure that ART is taken consistently.

The widespread use of mobile phones, including in resource-limited settings, has led to numerous studies investigating how they can be used to improve healthcare delivery. Many mobile health interventions have been based on text messaging, an inexpensive way to enhance communication between patients and healthcare personnel.[@R6] [@R7] Evidence from two Kenyan trials suggests that mobile phone text messaging can improve adherence to ART, reduce viral load and reduce treatment interruptions[@R8] [@R9]; however, a third trial in Cameroon did not show significant improvement on adherence.[@R10] These trials suggest that a number of factors, such as age, gender, level of education, duration on treatment and specific characteristics of the text messages such as interactivity, timing and content can influence an intervention\'s efficacy. Differences in effectiveness between and within studies can best be investigated using individual patient data (IPD) meta-analysis. This meta-analysis synthesises the three trials using mobile phone interventions for ART adherence and examines their effectiveness in important subgroups.[@R11]

Objectives {#s1a}
----------

The objectives of this IPD meta-analysis are to Summarise the evidence from three trials on the use of mobile phone text messaging compared with usual care to improve adherence to ART in people;Analyse the effect of the intervention in subgroups defined by age, gender, level of education, duration on ART and type of message;Examine the use of multiple statistical methods and their effects on outcomes.

Methods {#s2}
=======

The methods have been documented in a published protocol.[@R12] In brief, we conducted an IPD meta-analysis of three randomised controlled trials (RCTs) investigating the use of text messaging to improve adherence to ART. The first of these was the WelTel Kenya1 RCT that was a multisite two-arm trial of weekly interactive text messaging versus usual care conducted in Kenya.[@R8] The second trial was a single site five-arm trial conducted in Kenya that compared short daily, short weekly, long daily and long weekly one-way text messages to usual care in a five-arm trial in Kenya.[@R9] The two Kenyan trials ran for 12 months. The third trial was the Cameroon Mobile Phone SMS (CAMPS) trial, which was a single site two-arm trial of weekly motivational text messaging versus usual care to improve adherence to ART over 6 months.[@R10] The first two trials showed significant improvement in adherence to ART while the latter did not. These were the only trials identified by the Adherence Trialists Collaboration and a PubMed search for RCTs of text messaging for ART adherence.

Data management {#s2a}
---------------

Only anonymised data were collected and used for this study. Data from all three trials were recoded and merged in a safe and secure computer system with backup. After merging, data were compared with the published manuscripts to ensure accuracy. Only variables available in all three data sets were used. Similar variables were pooled together. Categorical variables were modified to create new uniform categories across all studies. For example, categories such as 'lower primary', 'upper primary' and 'completed primary' were merged into 'primary education'. A new data set was created with the following baseline covariates: age (years), gender (male/female), level of education (none, primary, secondary or higher) and duration on ART (months). These covariates were used for the subgroup analysis. The intervention was defined as text messaging versus no text messaging. For the subgroup analysis, text messaging was further divided into short daily,[@R9] long daily,[@R9] short weekly[@R8] [@R9] and long weekly messages[@R9] [@R10], motivational[@R9] [@R10] versus non-motivational[@R8] and interactive,[@R8] [@R10] versus non-interactive.[@R9] Motivational messages were considered as those with words of encouragement. The primary outcome was adherence greater than 95% as measured by the authors. In other words, irrespective of how adherence was measured participants whose level of adherence was rated above 95% were considered to have achieved the primary outcome. Two of these trials used self-reported adherence,[@R8] [@R10] while the third used medication event monitoring system (MEMS) caps.[@R9] The secondary outcomes were mortality, and the number of participants lost to follow-up, transferred out or withdrawn.

Statistical methods {#s2b}
-------------------

Baseline data for all included participants were summarised as mean (SD) or median (first and third quartiles, Q1, Q3) for continuous variables and number (%) for categorical variables. The primary outcome was adherence to ART (defined as adherence above 95%). We used IPD random-effects meta-analysis to determine the effects of text messaging on the primary outcome. In this model, each study was considered as a random effect. ORs and 95% CIs are reported. The level of statistical significance was set at α=0.05. This primary analytical method was repeated for the secondary outcomes.

In an adjusted analysis, we investigated the effects of baseline covariates (age, gender, level of education and duration on ART) on the primary outcome. They were inserted in the model as fixed effects.

We also conducted four sensitivity analyses: (1) we changed the method of analysis (using generalised estimation equations (GEE)) for exploratory purposes; (2) we changed the threshold for adherence (\>90%), as the recent literature suggests that viral load suppression can be achieved at lower levels of adherence[@R13] [@R14]; (3) we used multiple imputation techniques to deal with missing data; and (4) we calculated pooled estimates of effect (aggregate data meta-analysis). We present heterogeneity statistics and forest plots for the aggregate data meta-analysis.

In addition, we looked at the effects of text messaging in different subgroups defined by age, gender, level of education, duration on ART, type of message (short daily, long daily, short weekly and long weekly), content of message (motivational vs non-motivational) and interactivity (two-way vs one-way). The p values of the interaction terms are reported. Data were analysed using Statistical Analysis Software (SAS) V.9.2 (SAS Institute, Cary, North Carolina, USA, 2009).

Results {#s3}
=======

Baseline characteristics {#s3a}
------------------------

The three trials included 1166 participants. Approximately two-thirds (67.0%) were female, and almost half (47.5%) had above a primary level of education. The median age was 36 years (range=66), and the mean duration on ART was 5.8 months (SD=15.63). The details of the baseline characteristics are reported in [table 1](#BMJOPEN2013003950TB1){ref-type="table"}.

###### 

Baseline characteristics of participants in the three text-messaging adherence trials

                              Control arm (n=663)   SMS arm (n=503)   Total (n=1166)
  --------------------------- --------------------- ----------------- ----------------
  *Categorical variables*                                             
  Number of participants                                              
   Lester *et al*[@R8]        265 (22.7)            273 (23.4)        538 (46.1)
   Pop-Eleches *et al*[@R9]   139 (11.9)            289 (24.8)        428 (36.7)
   Mbuagbaw *et al*[@R10]     99 (8.5)              101 (8.7)         200 (17.2)
  Gender\*                                                            
   Male                       159 (32.7)            207 (33.2)        366 (33.0)
   Female                     327 (67.3)            416 (66.8)        743 (67.0)
  Level of education\*                                                
   None                       70 (14.4)             121 (19.4)        191 (17.2)
   Primary                    164 (33.7)            227 (36.4)        391 (35.3)
   Secondary or higher        252 (51.9)            275 (44.1)        572 (47.5%)
  *Continuous variables*      *Mean (SD)*           *Mean (SD)*       *Mean (SD)*
  Duration on ART (months)†   5.99 (16.00)          5.73 (15.342)     5.84 (15.626)
  Age (years)‡                37.19 (9.192)         37.33 (9.476)     37.27 (9.348)

\*57 missing.

†11 missing.

‡63 missing.

ART, antiretroviral therapy.

Primary analysis {#s3b}
----------------

In this random effects meta-analysis SMS text messaging significantly improved adherence to ART above 95% (OR 1.38, 95% CI 1.08 to 1.78, p=0.012; see [figure 1](#BMJOPEN2013003950F1){ref-type="fig"}).

![Forest plot for primary, adjusted, sensitivity and subgroup analysis of text messaging to improve adherence to ART. ART levels of education are compared with no formal education; types of text messages are compared with control; 3.3% missing data for primary outcome. ART, antiretroviral therapy; GEE, generalised estimation equations; MI, multiple imputation; RE, random-effects.](bmjopen2013003950f01){#BMJOPEN2013003950F1}

Adjusted analysis {#s3c}
-----------------

In the adjusted analysis, female versus male gender (OR 1.38, 95% CI 1.05 to 1.82; p=0.022) and primary education compared with no formal education (OR 1.65, 95% CI 1.10 to 2.48; p=0.016) were significant predictors of adherence \>95%. Age and duration on ART were not significantly associated with better adherence (see [figure 1](#BMJOPEN2013003950F1){ref-type="fig"}).

Sensitivity analysis {#s3d}
--------------------

Text messaging did not significantly improve adherence to ART in the sensitivity analysis using GEE (OR 1.11, 95% CI 0.88 to 1.41; p=0.373). The intraclass correlation coefficient for the primary outcome was 0.18, suggesting considerable differences between the studies. When we considered a threshold of 90% for adherence (OR 1.51, 95% CI 1.07 to 2.13; p=0.018), used multiple imputation techniques (we created five data sets of plausible values that were merged into one for analysis) to replace missing data (OR 1.34, 95% CI 1.05 to 1.72; p=0.021) or conducted a random-effects aggregate data meta-analysis (OR 1.35, 95% CI 1.05 to 1.73, p=0.020, τ^2^=0; I^2^=0%) text messaging had a positive effect on adherence to ART. These results are displayed in [figure 1](#BMJOPEN2013003950F1){ref-type="fig"}.

Subgroup analyses {#s3e}
-----------------

In the subgroup analyses primary education (p=0.039), long weekly (p=0.037), short weekly text messages (p=0.014) and interactive messages (p=0.010) had significant positive interactions with text messaging. Age, gender, duration on ART and motivational content showed no subgroup effects. These results are summarised in [figure 1](#BMJOPEN2013003950F1){ref-type="fig"}.

Secondary outcomes {#s3f}
------------------

Text messaging did not significantly reduce mortality or losses to follow-up. Transfers and withdrawals were also not significantly affected by text messaging (see [table 2](#BMJOPEN2013003950TB2){ref-type="table"}).

###### 

Summary of results for secondary outcomes

  Secondary outcomes   OR (95% CI)           p Value
  -------------------- --------------------- ---------
  Mortality            0.87 (0.52 to 1.43)   0.591
  Lost to follow-up    0.87 (0.63 to 1.19)   0.387
  Transfers            1.40 (0.56 to 1.48)   0.463
  Withdrawals          2.55 (0.67 to 9.71)   0.170

Discussion {#s4}
==========

This IPD meta-analysis of three trials found that text messaging had a positive effect on adherence to ART. This effect is stronger in women and in those with a primary education. Weekly and interactive messages are also more effective. Our findings confirm the efficacy of text messaging in improving adherence to ART but demonstrate that this effect may be nuanced and work for some patients more so than others. While there is widespread support for text messaging, our analysis suggests guidelines should be specific about what design text messaging interventions should be implemented.[@R15] [@R16]

Three issues stand out in this analysis. First, primary education stood out in the adjusted and subgroup analysis as an important factor influencing the effect of text messaging on ART. Understandably, education is related to literacy and consequently the ability to read text messages. It would seem, however, that beyond primary education, there are no further benefits to be gained, as can be seen in the subgroup analysis, where there was no interaction with secondary education. The potential marginalisation of people with limited literacy with regard to text messaging has been described in other studies.[@R11] [@R17] [@R18] Second, the subgroups that received weekly messages were more likely to achieve adherence above 95%. This may be because daily messages are intrusive, cause user fatigue and therefore rendered ineffective. However, these analyses should be treated with caution, as the data for daily messages came from only one of the trials.[@R9] Further research is necessary to understand the role of timing on the efficacy of text messaging.

Third, text messaging did not have a significant effect when we used GEE. A GEE approach estimates population averaged effects, and the estimate of SE is very variable when there are few clusters.[@R19] In this IPD analysis with only three clusters, GEE may not be the appropriate parameter estimator.

In addition, motivational content seemed to provide no additional value, and may not be necessary in many cases. On the other hand, interactivity boosted the intervention effect and should be encouraged. Still, we advise caution with this interpretation as the effect of interactivity may be a between-study difference. Data for interactivity came from all the participants in the two trials.[@R8] [@R10]

This study is not without limitations, notably the fact that the three studies included in this review were conducted in Africa and therefore these findings may not be applicable to other settings. However, this is also strength as adherence enhancing interventions are particularly relevant to Africa, the heart of the HIV pandemic. Combining widely variable text messaging interventions in this meta-analysis may also limit the interpretation of our findings. The generalisability of our findings may also be affected by the differences in the way adherence was measured in the included studies and the average duration on ART (about 6 months); however, our primary choice of analytical method was meant to account for these differences between studies. Even though we did not conduct a systematic search for other RCTs of text messaging to improve adherence to ART, we reached out to the Adherence Trialists Collaboration to identify other trials and none were identified. Other such RCTs, if any, can be included in subsequent iterations of these analyses. Only one of the studies used viral load as a measure of adherence. It is possible our results would be different had we had access to viral load data.

The strengths of this analysis include the use of IPD, an analysis of whether text messages are more effective in patients with certain characteristics, the use of robust statistical techniques to account for within-study and between-study differences, and our focus on Africa where our research is most needed.

Conclusion {#s5}
==========

Test messaging has a significant effect on adherence to ART. We recommend the use of interactive weekly text messaging to boost adherence to ART, especially in clients with at least a primary level of education. Further research endeavours should investigate the cost-effectiveness of text-messaging interventions and approaches to scaling up.
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